ABSTRACT Over a 5.5 year period, 1264 consecutive patients with acute myocardial infarction as confirmed by enzyme levels were prospectively identified. Of these, 25 (2%) suffered ventricular septal rupture (pulmonary/systemic flow range 1.5 to 6) 7 + 7 days after onset of myocardial infarction. Death occurred in 14 patients (56%) and was more common after inferior than anterior myocardial infarction (11 of 17 ± 6, p < .02), and greater mean right atrial pressure (10 ± 6 vs 16 3, p < .01). Of interest, two of the three patients who presented with anterior myocardial infarction and who died had inferiorly extended infarcts and all had abnormal RVWMIs (2 1.0). As expected, cardiogenic shock shortly after onset of ventricular septal rupture was associated with a 91% mortality, but was more common after inferior than anterior myocardial infarction (60% vs 20%, p < .05). The mean effective cardiac index was also higher in survivors than nonsurvivors (2.1 ± 0.5 vs 1.2 ± 0.5, p < .001). Finally, multivariate analysis indicated that all nonsurvivors could be identified based on: (1) an effective cardiac index of 1.75 liters/min/m2 or less, (2) the presence of extensive right ventricular and septal dysfunction on the two-dimensional echocardiogram, (3) a mean right atrial pressure of 12 mm Hg or more, and (4) early onset of ventricular septal rupture. Thus, our data demonstrate that: (1) mortality is higher when ventricular septal rupture complicates inferior than when it complicates anterior myocardial infarction, (2) survivors can be distinguished from nonsurvivors and the prediction of outcome is highly accurate, and (3) combined right ventricular and septal dysfunction has a substantial impact on prognosis. Circulation 74, No. 1, 45-55, 1986. VENTRICULAR SEPTAL RUPTURE is a well-recognized but often fatal complication of acute myocardial infarction. Interestingly, many reports have suggested that mortality may be higher when the index myocardial infarction involves the inferior than when it involves the anterior wall.'-' Others have observed that parameters of left ventricular dysfunction are simi- 
prospectively screened. Of these, 1264 During hospitalization, each patient was evaluated daily by at least one staff cardiologist and a research nurse. Complications that were recorded included: recurrent angina pectoris, infarct extension confirmed by a secondary rise in MB-CK, ventricular tachycardia or fibrillation, heart block requiring pacemaker insertion, congestive heart failure, hypotension, mitral regurgitation, right ventricular infarction before onset of ventricular septal rupture, 5 and cardiogenic shock, which was diagnosed if the systolic and mean blood pressures were less than 90 and 70 mm Hg, respectively, and there was evidence of end-organ hypoperfusion (i.e., obtundation, oliguria, or peripheral vasoconstriction). All clinical data were recorded with respect to the day after onset of myocardial infarction, the day ventricular septal rupture was suspected and the day its presence was confirmed by oximetry, and, when appropriate, the day left heart catheterization and surgical repair were performed. For patients undergoing surgery, the details of the operation were reviewed with regard to the location and size of ventricular septal rupture, distribution and extent of infarcted myocardium, techniques used for repair, and the number and location of aortocoronary bypass grafts. Each patient was followed until death or hospital discharge. If death occurred, the primary cause was determined.
Hemodynamic and angiographic evaluation. All 25 patients underwent right heart catheterization at the bedside as soon as the diagnosis was suspected or on admission if the patient was transferred from another hospital. The diagnosis of ventricular septal rupture was confirmed in each patient by the presence of a step-up in oxygen content from the right atrium to the pulmonary artery. The magnitude of the left-to-right shunt was derived by calculating pulmonary/systemic flow ratios (Qp/Qs) by a standard method. 16 A Qp/Qs flow ratio of 1.5: 1 or greater was considered significant for the purpose of the study. For the 21 patients who underwent selective coronary angiography, the number, location, and severity of obstructive atherosclerotic lesions were recorded. Maximal luminal diameter narrowing for each of the three major epicardial arteries and their branches was estimated visually, with obstructions of 50% or more considered hemodynamically significant. The relative extent of jeopardized myocardium was estimated by the model of Dash et al. '8 Echocardiographic evaluation. Two-dimensional echocardiographic (2DE) studies were obtained at the bedside in 23 patients when ventricular septal rupture was first suspected or on admission if the diagnosis had already been established at another hospital. A complete ultrasonic examination was performed as previously described'9-26 and included parasternal, apical, and subcostal views. All studies thus produced were recorded on half-inch videotape with a Panasonic NV 8200 cassette recorder. These images were then available for display and analysis in a real-time, slow-motion, or single-frame format.
Echocardiographic images of the left ventricle were obtained by recording short-and long-axis scans through the basal, midventricular, and apical regions of the left ventricle. The left ventricular ejection fraction was assessed by methods previously reported from our laboratory.27 For purposes of left ventricu lar wall motion analysis, a method previously published by our group was used.2' The left ventricle was divided into 1 1 segments and each segment was graded on a five-point scale: hyperkinetic, -1; normal, 0; hypokinetic, + 1; akinetic, + 2; or dyskinetic, + 3. To obtain a measure of overall left ventricular function, a wall motion index was calculated by summing the scores for each segment analyzed and dividing by the number of segments analyzed.2' Thus, a normal left ventricle would have an index of 0, while the theoretical maximum wall motion index would be 3 if all segments were dyskinetic.
Right ventricular systolic function was evaluated in a similar fashion. As illustrated in figure 1 , the nonseptal or free wall of the right ventricle was divided into three segments (i.e., base, midwall, and apex). Each Continuous data are recorded as the mean + SD. To determine differences between means of independent observations, analysis of variance and Duncan's multiple-range test were used. Discrete or noncontinuous variables were analyzed in contingency tables to determine differences between proportions with appropriate chi-square statistics or Fisher's exact test for small cell size. Univariate predictors of adverse outcome (nonsurvival) were subjected to Duncan-Walker multiple stepwise discriminant analysis to identify independent variables predictive of nonsurvival.
Results
Our study cohort included 13 men and 12 women with a mean age of 65 + 9 years (range 44 to 81). In all cases, the index infarction was associated with the development of new pathologic Q waves and involved the inferior wall in 15 and the anterior wall in 10. Death occurred in 14 patients (56%) 14 not be distinguished from the 10 survivors based on either the extent or distribution of coronary disease. These two groups were similar with respect to the prevalence of multivessel disease (64% vs 70%, p = NS), the number of vessels with 50% or more stenosis (1.8 ± 0.8 vs 1.9 ± 0.7, p -NS), and the amount of myocardium judged to be at risk by the Dash jeopardy score (4.9 + 3.4 vs 6.8 + 3.2, p = NS). These same variables were analyzed based on the site of index infarction and no differences were found between the patients with inferior and those with anterior myocardial infarction.
Assessment of right ventricular function. Twenty-three of our 25 patients (92%) had abnormally elevated right atrial and right ventricular end-diastolic pressures. However, mean right atrial and right ventricular enddiastolic pressures were significantly higher in the 14 nonsurvivors than the 11 survivors (16 + 3 vs 10 + 6 mm Hg, p < .01; 17 ± 6 vs 11 + 6, p -.019). Importantly, these differences could not be attributed When assessment of right ventricular function was restricted to the inferior infarction group, significant differences between survivors and nonsurvivors were also evident. Specifically, subset analysis revealed to higher pulmonary arterial pressure in the nonsurvivors. The nonsurvivors had pulmonary systolic (51 ± 14vs45 ± 10,p = NS),mean(32 + 5vs30 + 7,p = NS), and diastolic pressure measurements (22 ± 4 vs 23 ± 6, p = NS) similar to those in survivors. In figure 3 , the mortality risk based on the combination of mean right atrial pressure and effective forward cardiac index is shown. In all 25 patients, both measurements were obtained at the bedside shortly after ventricular septal rupture was first suspected. As can be seen, mortality was 100% for the 12 patients with a right atrial pressure of 12 mm Hg or more and an effective cardiac index of less than 1.75 liters/ min/m2.
Significant differences between groups were also noted when echocardiographic parameters of right ventricular dysfunction were assessed (figure 4). Among the 23 patients who underwent complete 2DE examinations, only six (26%) demonstrated normal (n = 1) or hyperkinetic (n = 5) free wall function and one (4%) showed mild impairment. Of interest, all seven of these patients survived. By comparison, 12 of the 16 patients (75%) with moderate or severe right ventricular dysfunction (i.e., wall motion index ' 1.0) died and 11 of these deaths were due to progressive pump failure. Finally, nonsurvivors had a higher 2DE-derived right ventricular wall motion index than survivors (1.7 ± 0.5 vs 0.6 ± 0.9, p < .001).
When repair (i.e., >21 days) and no hospital deaths occurred in this group.
During a mean follow-up of 43 ± 20 months (range 21 to 75), only one death among the 11 hospital survivors was recorded. This occurred 12 months after discharge and was sudden. Of the remaining 10 patients, one reported symptoms of stable angina pectoris, three indicated intermittent symptoms of congestive heart failure, and one was receiving amiodarone for recurrent ventricular tachycardia. There were no enzymeconfirmed reinfarctions and all patients were NYHA class II or less.
Multivariate analysis for prediction of outcome. Among the 133 clinical, 2DE, hemodynamic, and angiographic variables, univariate analysis identified 33 that were predictive of nonsurvival. To eliminate redundant or interrelated information, these univariate predictors of outcome were subjected to stepwise discriminant function analysis. This technique sequentially assesses the independent predictive effect of each variable, including the most important, then reassesses the remainder until all important variables have been identified. As table 2 illustrates, this multivariate regression analysis identified four independent predictors of nonsurvival. When these four variables were considered, all 25 patients were correctly classified as survivors or nonsurvivors. Importantly, the 22 patients who underwent surgery would have been properly classified as either survivors or nonsurvivors before surgery was undertaken.
Discussion
Historical perspective. Ventricular septal rupture complicates 1% to 3% of all infarctions and reportedly accounts for 5% of all peri-infarction deaths.28 29When medical therapy alone is used, most patients deteriorate rapidly and 25% die from cardiogenic shock within 24 hr.30 Since few patients have heart failure that is mild enough to permit substituting medical treatment for surgical repair, it is not surprising that the mortality approaches 90% at 2 months in medically managed patients.3' Even if operative repair is carried out promptly, the mortality in patients with ventricular were made in only 36% of nonsurvivors and 23% of those with cardiogenic shock. The importance of the differences in right heart filling pressures that were observed in the present study is strengthened by our echocardiographic findings of greater right ventricular segmental dysfunction among nonsurvivors (figure 4). If the higher mortality observed among patients with ventricular septal rupture and inferior infarction is due mainly to severe right ventricular dysfunction, rather than greater left ventricular dysfunction, then it is logical to expect that nonsurviving patients might show evidence of more extensive right ventricular infarction. Indeed, compared with the four survivors with inferior infarction, the 11 nonsurvivors had a significantly lower mean effective forward cardiac index, higher right ventricular filling pressures, and a larger infarct size as determined by peak CK levels. Moreover. the four survivors of inferior infarction all demonstrated preserved function of the anterior right ventricular free wall on contrast opacification of the right ventricle during left ventriculography in the left anterior oblique projection. Also, three of these four patients who survived ventricular septal rupture demonstrated right coronary artery occlusion at or distal to the acute margin with preserved circulation to the anterior free wall of the right ventricle via moderate-to large-caliber right ventricular branches.
Our data suggest that right ventricular dysfunction is not limited exclusively to patients with inferior infarction since all three of our patients with anterior myocardial infarction who died had echocardiographic evidence of significant right ventricular dysfunction. It is important to note, however, that two of these three patients had inferior wall extensions before onset of septal rupture. Since the left anterior descending artery can supply up to 33% of the right ventricular myocardium32 and is a prime source of collateral supply to the right ventricle in patients with atherosclerotic right coronary artery lesions, patients with anterior infarction may manifest significant degrees of right ventricular dysfunction on either an ischemic basis or as a result of infarction of a portion of the right ventricle.
Although several groups have noted a higher mortality when ventricular septal rupture complicates inferior myocardial infarction' 5 6 To our knowledge, there are insufficient data that clearly establish improved overall survival with surgery among the subgroup of elderly patients with inferior myocardial infarction, preoperative shock, and multisystem failure. While we cannot presume to dictate surgical practice, application of the preoperative criteria in table 2 should serve to identify a patient population at extremely high risk for subsequent death with or without surgery, thereby providing the physicians attending the patient and family with a realistic prediction of subsequent outcome. Given this information, an aggressive and costly surgical approach may not be prudent in all cases and will require individualization to each situation. If surgical repair is planned in the critically ill patient, it should be performed without undue delay to avoid further multisystem deterioration.5' 6, 8 Whether left heart catheterization, ventriculography, and coronary angiography are mandatory preoperatively is controversial and remains unproven. Although the trend has been toward complete revascularization, documentation that this results in improved survival is lacking.
Methodologic considerations. While our data indicate a significantly lower overall mortality in patients with ventricular septal rupture complicating anterior infarction, which we have attributed to the lower incidence of right ventricular dysfunction, we cannot exclude the possibility that, as a result of the tertiary nature of our clientele, a significant number of patients with septal rupture and anterior infarction suffer early deaths at outside hospitals as a result of overwhelming extensive left ventricular dysfunction. However, the consecutive nature of the study cohort probably reflects that our population is similar to those of other surgical referral centers and makes our conclusions no less applicable to comparable patient populations. Several 
